An indirect immunoperoxidase (IP) procedure using a specific monoclonal antibody and an avidinbiotin-peroxidase complex was developed and applied to detect virus antigen in formalin-fixed, paraffin-embedded tissue sections. This IP procedure was compared with currently used diagnostic tests for detection of virusinduced abortions caused by bovine herpesvirus-l (BHV-1). The IP procedure was applied to detect BHV-1 antigen in sections of liver and lung from 87 aborted fetuses. Sixteen of these cases were positive for viral antigen by IP staining. Sections from both liver and lung were positive in 15 of the 16 cases. A fluorescent antibody test (FA), which was applied to acetone-fixed frozen sections of liver and lung, gave positive results on 12 of the 87 fetuses, 11 of which were also positive by IP. Seven of the 12 FA-positive cases were positive on both sections of liver and lung. When FA and IP were compared, FA had a sensitivity of 67% and IP had a sensitivity of 94%. Virus was isolated from one of the 67 cases tested. The tissues in which antigen was most frequently detected by IP were liver, lung, and kidney. Distinct multifocal staining was seen in positive sections of all these tissues.
Bovine herpesvirus-1 (BHV-1) has been associated with infectious bovine rhinotracheitis (IBR), infectious pustular vulvovaginitis, conjunctivitis, encephalitis, mastitis, 1, 6, [11] [12] [13] and abortions in cattle. 7, 14 Approximately 25% of the pregnant cattle in a herd may abort following an outbreak of IBR. 6 Abortions occur any time from 8 days up to several months after the pregnant cow is exposed to the virus. 3, 6 A fetus may die in utero and be expelled several days later.* BHV-1 has been isolated from different tissues of the fetus, 3 indicating that a systemic infection of the fetus occurs. After BHV-1-induced abortion, focal necrosis of many tissues is found microscopically, ll including the liver and spleen [7] [8] [9] 15 and the kidney. 9,l5 Diagnosis is most often obtained by detection of antigen in tissues and by virus isolation (VI). A direct fluorescent antibody test (FA) can be performed for detection of viral antigen in acetone-fixed frozen tissue sections. 2 Antigen can be detected by FA in different tissues of the fetus. 2, 9, 10, 16 Virus can be isolated from fetal liver and spleen 6 as well as other tissues. Isolation of BHV-1 from aborted fetuses is frequently unsuccessful 1o due to autolysis of the tissues.
When used with hematoxylin as a counterstain, im-specificity of immunologic reactions. 5, 18 Immunoenzyme assays give high sensitivity by magnification with the enzyme-substrate reactions. l9 An avidin-biotin-peroxidase complex (ABC) has been shown to increase sensitivity of IP procedures. 17 The avidin-biotin-peroxidase complex apparently forms a lattice between biotinylated antibody and the complex, l7 thereby amplifying the antibody-antigen reaction and increasing sensitivity.
This paper describes an immunoperoxidase test for detection of BHV-1 antigen in formalin-fixed, paraffinembedded fetal tissue sections and compares it to FA and VI.
Materials and methods
Specimens for virus detection. Eighty-seven aborted fetuses were submitted for diagnosis to the Diagnostic Laboratory at Colorado State University during a 2-year period. Frozen sections of liver and lung were routinely examined for BHV-1 and bovine viral diarrhea virus (BVDV) antigen by direct FA. Sections of formalin-fixed, paraffin-embedded liver and lung were examined by IP for the presence of BHV-1 antigen with a BHV-l-specific (F2) monoclonal antibody. 4 Virus isolation was attempted on 67 cases depending on the munoperoxidase (IP) techniques have an advantage condition of the fetus. Other tissues, including spleen, kidney, over immunofluorescence techniques because mor-thymus, and placenta, were used with IP when they were phologic features of cells can be studied as well as the available.
Fluorescent antibody test. Frozen tissue sections, 5-8 μm From the Diagnostic Laboratory, College of Veterinary Medicine thick, were fixed in acetone, dried, and a fluorescein-labeled and Biomedical Sciences, Colorado State University, Fort Collins, polyclonal anti-BHV-1 antibody conjugate" was added. Slides CO 80523. were incubated for 30 min at 37 C in a humidified chamber. Tissue section slides. Tissue samples (approximately 1 cm 3 ) were fixed in 10% buffered overnight. After fixation, tissues were paraffin-embedded. Tissue sections (6 μm) were placed on precleaned glass slides and stored at room temperature until use.
Virus isolation. Lung and liver samples (1 cm 3 ) were combined and homogenized in medium (minimal essential medium with 1% fetal calf serum and antibiotics). The homogenized sample was centrifuged at 3,000 x g for 15 min at 4 C; then the supernatant fluid was filtered (0.2 μm) onto monolayers of bovine turbinate (BT) b and bovine embryonic lung (BEL) cells for 1 hr at 37 C. Cells were washed, fresh medium was added, and the cells were incubated at 37 C and checked daily for cytopathic effect (CPE). At the end of two weeks if no CPE was observed, the inoculated cells were examined further for noncytopathic bovine viral diarrhea virus.
Monoclonal antibodies used with the IP procedure. Two mouse IgG monoclonal antibodies (MAbs) were used routinely with the IP procedure. One MAb (F2), specific for BHV-1, was used at a dilution of 1:3,000. Nine MAbs 4 specific for BHV-1 were tested, and the F2 MAb gave the most intense staining on acetone-fixed BHV-1 infected cells. As a control, a specific for pseudorabies virus (PrV) c was used at a dilution of 1: 1,000.
were ascites fluids diluted in Tris-saline (T/S) (0.01 M trizma base, 0.85% NaCl, pH 7.3).
The immunoperoxidase (IP) procedure. Tissue sections were first deparaffinized and rehydrated in xylenes and graded alcohols, then treated with 1% aqueous hydrogen peroxide for 30 min to inactivate endogenous peroxidases. The slides were then placed in distilled water for 10 min. The IP pro- cedure was modified from that supplied with a commercial avidin-biotin-peroxidase complex staining kit. d First, normal horse serum, diluted in T/S, was added to the slides for 20 min at 37 C in a humidified chamber, then removed without washing. Monoclonal antibodies specific for BHV-1 and for PrV were added to serial sections and the slides were incubated for 45-60 min at 37 C. Slides were then washed twice for 4-5 min with wash buffer (T/S with 1 mM EDTA and 0.05% Tween 20). Biotinylated horse anti-mouse IgG (from the commercial kit, diluted in T/S) was added to the slides and they were incubated for 45-60 min at 37 C, then washed twice with wash buffer. The avidin-biotin-peroxidase complex reagent (from the kit, made 30 min in advance and diluted in wash buffer) was added to the slides for 45-60 min at 37 C, followed by washing twice with wash buffer, then rinsing with T/S. Substrate (made fresh by mixing equal volumes of 0.02% H,O, and 1.0 mg/ml of diaminobenzidine tetrahydrochloride e ) was then added to the slides for 20-30 min at room temperature. They were then rinsed with wash buffer and counterstained with Harris' hematoxylin' (diluted 1:5 in wash buffer) for 1 min, followed by rinsing with water. Finally, sections were dehydrated and mounted in Permount.
As a test for specificity, BT cells were infected separately with BHV-1, noncytopathic BVDV (NY1 strain), cytopathic BVDV (Singer strain), and pseudorabies virus. Each of these infected cells was tested using IP with the MAbs. Each stained only cells infected with its respective virus.
Results
IP detection of BHV-1 antigen in fetal tissues. Comparison of IP to FA on fetal liver and lung for the 87 cases of abortion is shown in Table 1 . Sixteen liver sections were positive by IP, and of these 16, 6 were positive by FA. Two of the 16 cases could not be evaluated by FA due to nonspecific binding of antibody caused by autolysis. Sixty-three of the 71 liver sections were negative by both IP and FA, and 1 was positive by FA. The rest of the liver sections could not be evaluated by FA. Similar results were obtained with sections of lung. In most cases examined, no or slight background staining was seen with the IP test in either liver or lung. No case had enough background to mask positive IP staining.
A case was considered positive if antigen was detected in sections of either liver or lung. Eleven cases were positive by both IP and FA, and 6 cases were positive by IP only ( Table 2) . IP was positive in both lung and liver sections in 16 of the 17 cases; 1 case was positive only on liver. Seven of the 12 FA-positive cases were positive in both lung and liver sections. One was positive in liver only and 4 were positive in lung only. The sensitivity of FA for detecting positive cases was 67% and the sensitivity of IP was 94%. BHV-1 was isolated from one case that was also positive by IP and FA methods.
Distinctive staining was observed with IP in both the liver and lung sections. The IP staining was localized in specific focal points, and in most cases associated with degeneration in the liver (Fig. la, 1b, lc) . In some cases, large foci were characterized by an outside ring of positive staining cells with nonstaining cells in the center. The focal points of staining were associated with blood vessels in the sections of liver. IP staining in the liver could be seen even when the liver was autolytic, and the liver was at least slightly autolytic in most cases. The focal points of staining were found to be either small (a few cells) or large (hundreds of cells) and roughly circular in shape. In all cases, multiple positive focal areas were seen throughout the section, and in most cases, a l.0-cm 2 section of liver had greater than 100 foci of positive staining.
As in the liver, the staining in the lung was also focal ( Fig. 2a, 2b, 2c ). However, degeneration was rarely seen in the focal areas, and fewer areas of positive staining were seen in sections of lung than in sections of liver.
Determination of preferred fetal tissues for diagnosis
by Ip. To determine the best tissues to examine by IP, paraffin blocks of several different tissues from 18 BHV-1-positive cases were sectioned and processed by IP. Table 3 shows the results of the IP tests on the different tissues. In addition to liver and lung, IP staining was observed in kidney, spleen, thymus, and placenta.
Positive staining in the kidney was seen as a few large focal areas in the medulla (Fig. 3a) and surrounding the glomeruli in the cortex (Fig. 3b ). Positive foci were often found near the corticomedullary junction. A brown pigment was observed in cells and lumens of microtubules and some small blood vessels in 4 out of 40 sections of kidney tested. This pigment, which was observed in control sections, sections stained with the F2 MAb, and hematoxylin and eosin (HE)-stained sections, was easily distinguished from the typical BHVl-positive staining observed in the kidney. The spleen showed multifocal staining similar to that seen in the liver (Fig. 4a ). The staining in the spleen was often associated with blood vessels, as it was in the liver, and it was never seen in the connective tissue of the trabecula or capsule. Positive staining in the thymus was associated with the medulla of the thymic lobules ( Fig. 4b) . Only a few focal areas of staining were seen in each positive case of the thymus. In the 4 diagnosed cases that had placenta available, intense positive staining was observed in the chorionic villi of the placenta (Fig. 4c ). Approximately 50% of the spleen and thymus sections were positive from cases in which liver and lung sections contained BHV-1 antigen ( Table 3 ). All of the kidney and placenta sections tested from these cases were positive for BHV-1 antigen. For many of the positive cases, however, placenta was not available for evaluation. Positive staining was not found in sections of 33 kidneys and 8 placentas from cases that did not have detectable BHV-1 antigen in liver and lung sections. Seventeen out of 18 sections of lung were positive for BHV-1 antigen, and the liver sections showed presence of the antigen in all cases.
In most cases, tissues were free of background staining. Liver and spleen had slight background staining with both PrV MAb and BHV-1 MAb more frequently than other tissues, but this staining was not intense enough to interfere with BHV-1 antigen staining. Slight background staining was often associated with autolysis. No tissue reacted with specific for as it did with BHV-1 (Figs. lb, 2b, 3c ).
Discussion
Immunoperoxidase was a sensitive and specific test for the presence of BHV-1 antigen in formalin-fixed tissue sections of aborted fetuses. All fetal tissues positive for BHV-1 antigen by IP had multifocal staining except the placenta. Multifocal staining has also been seen on tissue sections with an FA procedure? Multifocal necrosis was seen in the HE-stained sections of the liver from BHV-1-positive cases. Necrosis has been reported in livers from BHV-1-induced fetal abortions in both experimental studies and naturally occurring outbreaks. 8, 15 These necrotic areas stained positive with the IP procedure, showing that the degeneration of cells was associated with the virus. In some cases, where IP staining was not seen in the center of the foci, antigens may have been degraded to the point where they were no longer recognizable by the antibody.
Fetal tissues are very often autolyzed when they are received for diagnosis. This poses a problem with FA, as an orange-red fluorescence is observed in autolytic tissues. In some cases specific green fluorescence can be detected but the orange-red background makes diagnosis difficult. Autolysis did not cause a problem with the IP test; all tissues were able to be evaluated, and when a tissue was positive, there was little doubt due to the distinctive staining. Virus was rarely isolated from the tissues of aborted fetuses, therefore antigen detection may be the preferred technique for diagnosis.
Immunoperoxidase was more sensitive than the FA for detection of BHV-1 in fetal tissues. FA had a sensitivity of 67%, compared to IP, which had a sensitivity of 94%. Six cases that were negative by FA in both liver and lung sections were positive in both liver and lung sections by IP. In the one case where IP was negative and FA was positive, the FA was positive only with liver. These results suggest that IP could be used in place of FA for detection of BHV-1 antigens in tissues of aborted fetuses.
It seems that liver, lung, and possibly kidney would be good tissues to examine routinely by the IP procedure for diagnosis. In the kidney, large foci were observed, as in the lung and liver. Sections of spleen and thymus were negative in some cases where lung, liver, and kidney were positive. Cases were found where thymus was positive and spleen was negative and vice versa. Although positive, placenta would not be adequate because it may not be submitted for diagnosis in all cases.
Immunoperoxidase has proved to work well in de-tection of BHV-1 antigens in tissue sections. The IP staining was much easier to see than the positive results of FA. The distinctive staining in the fetal tissues by IP would be difficult to misinterpret, where FA may not be easily interpreted in some cases. VI does not work well in diagnosis of BHV-l-induced abortions, even though it can detect as little as 1 infectious particle, because virus may be inactivated with time in tissue samples. The success of IP staining for BHV-1 was due largely to the MAb, which worked well after formalin fixation and paraffin embedding. Once such MAbs to other agents such as BVDV are identified, IP may be applicable to their diagnosis.
